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DESCRIPTION 

Method of Maniif^ri^ xring Oxide Superconducting Wire, 
O xide Superconducting Wire, Superconducting Cpil and 
Smie rcon ducting Apparatus _ 

Technical Field 

The present invention relates to a method of manufacturing an oxide 
superconducting wire, an oxide superconducting wire, a superconducting 
coil and a superconducting apparatus, and more particularly, it relates to 
superconducting apparatuses such as a superconducting transformer, a 
superconducting current limiter and a magnetic field generator employing 
superconducting magnets prepared from oxide superconducting wires, a 
superconducting cable and a superconducting bus bar employing oxide 
superconducting wires and the like and a method of manufacturing an 
oxide superconducting wire applicable for manufacturing these 
superconducting apparatuses. 



Background Technique 

In general, a sufficient length is required to^n^e?ade — 
superconducting wire^enmjoyed in aj3£aeti£aTsuperconducting apparatus. 
In order tojnanu^ having a capacity of at least 100 

3^V^s-a prac^al^sup^ax56n^lucting cable, for example, hundreds of oxide 
-upercond^tmejvi^es exhibiting a unit length of about 5 km as the final 
length of'me^tjpercon ducting cable are required. In this case, a wire 
mm, critical current: 20 A, temperature: 77 K) formed by 
bj^nmth oxide superconductor filaments coated with silver is employed as 
oxide superconducting wire, for example. 

As a superconducting magnet employed for a magnetic separator or a 
magnetic field generator, a magnet having an inner diameter exceeding 1 m 
is manufactured. In order to manufacture such a superconducting magnet, 
about 1000 oxide superconducting wires exhibiting a unit length of about 
800 m per coil are required, for example. In this case, a tape-like wire 



(thickness: 0.25 mm, width: 4 mm, critical current: 50 A (temperature: 77 
K)) formed by bismuth oxide superconductor filaments coated with silver is 
employed as the oxide superconducting wire. 

At the currerrtJjBvel of t he techn ique of manufacturing anjwsitfe^ 
superconducting wire, however, o nly a wire for m ed^^bigmu^T oxide 
superconductor filaments cogtgd^th sUyorjMt^ing a unit lengthof about 
several 100 m igjn^i^gfegt^ed. Wh^nTme oxide superconductingwire of 
suchaj^a^I^ a single^d^ective portion, the entire oxide 

Superconducting wire ofj^dut several 100 m is regarded as defective, to 
(yj^disadvaptfageously result in a low manufacturing yield. Unless a 
tec 

sveloped, therefore, it is impossible at present to apply the current 
^technique/to the aforementioned practical superconducting apparatus. 
This is /me of primary factors for delay in application of the 
superconducting apparatus, which is an innovative technique, to industry 
an$t practical application thereof. 

If a wire having a large unit length can be man'ufac£}»ect a u^ 
connecting relatively short oxide supercondAo^tiftg^res with each other in 
ordgj>^pSmplement the aforementiopjed^upercon ducting cable having a 
capa^rty of at least lOO^^^^or^Tsuperconducting magnet employed for a 

agnetic field genersytofTit is possible to prepare a prototype apparatus for 
applying a superconducting apparatus to industry. Further, it is possible 
to grasp mjsrfts of the superconducting apparatus through the prepared 
prototyjie apparatus for progressing practical application. 

/ However, the critical current of an oxide supercon<^ctm|rwire is" 
disadvantageously reduced due to iiifluence^by*strain^esulting from 
deformation such as bendingj^tension. When end portions of oxide 
superconducting wires having a small unit length are superposed for 
connecting the^o^d^superconducting wires with each other by brazing or 
soldering, for^example, the wires are bent through a guide roller or the like 
in the process of manufacturing a superconducting cable or a 
superconducting magnet and the critical current is reduced due t o bending 
strain applied to the wires. This is because the junction formed by 
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superposing the end portions with each other is hardly bent whjle^Ke 
remaining portions are readily bent and hence an e^jdUefllie junction is 
bent with a bendj^iius smaller than thej^aditlsof the guide roller or the 
like when^ih^^nrd of the junction i^Jb^nt through the guide roller or the like 

strain^strger than allowable bending strain allowing the wires to 
maintain the critical ci^fent is applied to the end of the junction to readily 
caiis^xoncentratipn of strain. Even if an oxide superconducting wire 
haXang a large unit length can be obtained by connecting the wires, 
imerefoi^the critical current is reduced due to influence by the strain 
appHjeu to the end of the junction of the wire and hence it is 
disadvantageously difficult for a practical superconducting apparatus 
irmed by the long wire to attain a prescribed function. 

Accordingly, an object of the present invention is to provide a method 
of manufacturing an oxide superconducting wire which can manufacture 
the longest possible wire by connecting relatively short wires with each 
other and is capable of suppressing reduction of a critical current resulting 
from influence by strain also when the wire is bent after connection. 

Another object of the present invention is to provide an oxide 
superconducting wire, a superconducting coil and a superconducting 
apparatus each comprising a connected portion, which can suppress 
reduction of an initial critical current of wires before connection also in a 
bent state. 



Disclosure of the Invention 

A method of manufacturing an oxide superconducting wire according 
to an aspect of the present invention comprises a step of bonding end 
portions of two oxide superconducting wires by superposing the end 
portions with each other for connecting the oxide superconducting wires 
with each other and a step of working a junction formed by superposing the 
end portions with each other to reduce the quantity of strain on an end of 
the junction to be close to the quantity of strain on non-superposed portions 
of the oxide superconducting wires when the two oxide superconducting 
wires connected with each other are bent. 
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When the junction is worked in the aforementioned manner, 
reduction of a critical current caused by bending strain can be suppressed 
also when the wire is bent through a guide roller or the like after 
connection. Therefore, an oxide superconducting wire having a length 
5 necessary for various superconducting apparatuses can be prepared by 

connecting relatively short oxide superconducting wires. Also when such a 
long oxide superconducting wire is left in a state wound on a reel or the like, 
reduction of the critical current caused by applied strain is suppressed. 
Therefore, a long superconducting cable or a large superconducting magnet 
q 10 can be manufactured by continuously supplying the prepared long oxide 
^0 superconducting wire while simultaneously performing insulating coating 

J£ on the wire. 

?0 In the method of manufacturing an oxide superconducting wire 

^ according to the present invention, the step of bonding the aforementioned 

15 oxide superconducting wires is preferably carried out by su perposin gjhe 
^ ei^poj^^nsj^the t wo oxide superconductin gjwire^sjiyith each other with 

%j inte rposition ot a brazin g fil ler metal . 

Q The oxide superconducting wires are preferably tape-like wires 

SJ having rectangular cross sections. 

I s * 20 The step of bonding the aforementioned oxide superconducting wires 

is preferably carried out by superposing wide surfaces of two tape-like 
wires with each other. The aforementioned step of working the 
aforementioned junction is preferably carried out by working the end 
portions so that the widths of the tape-like members are reduced toward 
25 the ends. 

The step of working the aforementioned junction is preferably 
carried out by cutting the end portions to have V shapes in plane or by 
cutting the end portions so that the end portions have end surfaces inclined 
in the width direction across the widths of the tape-like wires. 
30 The step of working the aforementioned junction is preferably 

carried out by working the end portions so that the thicknesses of the tape- 
like wires are reduced toward the ends. 

The oxide superconducting wires may be round wires. 
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Further, the step of working the aforementioned junction is 
preferably carried out by at least partially coating the junction with a metal 
or an organic substance thereby reducing the aforementioned quantity of 
strain. In this case, the step of working the aforementioned junction is 
5 preferably carried out by at least partially inserting the junction into a 
material having an annular shape. 

The oxide superconducting wire to which the manufacturing method 
according to the present invention is applied preferably contains a bismuth 
oxide superconductor. When the bismuth oxide superconductor is 
p 10 employed, the wire is preferably formed by bismuth oxide superconductor 
;S filaments coated with a material containing silver. 

m An oxide superconducting wire according to another aspect of the 

*G present invention comprises a first oxide superconducting wire having an 

p end portion, a second oxide superconducting wire having an end portion 

M 15 and a junction formed by superposing the end portions of the first and 
J=i second oxide superconducting wires with each other, and the quantity of 

■y strain on an end of the junction is reduced to be close to the quantity of 

r! strain on non-superposed portions of the first and second oxide 

□ superconducting wires. 

*** 20 When the oxide superconducting wire having the aforementioned 

structure is employed, reduction of initial critical currents of the wires 
before connection can be suppressed also when the wires are bent through a 
guide roller or the like in the process of manufacturing a superconducting 
cable or a superconducting magnet. Therefore, reduction of a yield can be 

25 suppressed when manufacturing a final superconducting cable or 

superconducting magnet by employing the oxide superconducting wire 
according to the present invention, while a long superconducting cable or a 
large superconducting magnet can be manufactured with high productivity. 
In the oxide superconducting wire according to the present invention, 

30 the junction preferably includes a brazing filler metal interposed between 
the superposed end portions of the first and second oxide superconducting 
wires. 

The oxide superconducting wires are preferably tape-like wires 



- 5 - 



having rectangular cross sections. 

The junction preferably includes a junction formed by superposing 
wide surfaces of two tape-like wires. The junction preferably includes an 
end portion so worked that the widths of the tape-like wires are reduced 
toward the end. 

Further, the junction preferably includes an end portion having a V 
shape in plane or an end portion having an end surface inclined in the 
width direction across the widths of the tape-like wires. 

The junction preferably includes an end portion so worked that the 
thicknesses of the tape-like wires are reduced toward the end. 

The oxide superconducting wires may be round wires. 

Further, the junction is preferably at least partially coated with a 
metal or an organic substance. In this case, the junction is preferably at 
least partially inserted into a material having an annular shape. 

The oxide superconducting wires preferably contain a bismuth oxide 
superconductor. The bismuth oxide superconductor is preferably a 
filament coated with a material containing silver. 

°, A superconducting coil according to still another aspect of the 
present invention comprises a first oxide superconducting wire having an 
end portion, a second oxide superconducting wire having an end portion 
and a junction formed by superposing the end portions of the first and 
second oxide superconducting wires with each other, and the quantity of 
strain on an end of the junction is reduced to be close to the quantity of 
strain on non-superposed portions of the first and second oxide 
superconducting wires. 

^ . A superconducting apparatus according to a further aspect of the 
present invention comprises a first oxide superconducting wire having an 
end portion, a second oxide superconducting wire having an end portion 
and a junction formed by superposing the end portions of the first and 
second oxide superconducting wires with each other, and the quantity of 
strain on an end of the junction is reduced to be close to the quantity of 
strain on non-superposed portions of the first and second oxide 
superconducting wires. 



According to the present invention, as hereinabove described, the 
longest possible wire can be manufactured by connecting short wires while 
reduction of a critical current resulting from influence by bending strain 
can be effectively suppressed by working the junction to reduce the 
quantity of strain on the end of the junction when the connected oxide 
superconducting wires are bent. Therefore, a long oxide superconducting 
wire used for a long superconducting cable or a large superconducting 
magnet can be previously prepared in a state suppressing reduction of the 
critical current. Thus, the oxide superconducting wire can be 
manufactured with high productivity without reducing a manufacturing 
yield. Consequently, the oxide superconducting wire or the 
superconducting coil according to the present invention can be applied to 
various superconducting apparatuses for readily progressing practical 
application. 

Brief Description of the Drawings 

Fig. 1 is a longitudinal sectional view schematically showing an 
embodiment (1) of a method or a mode of connecting oxide superconducting 
wires according to the present invention. 

Fig. 2 is a longitudinal sectional view schematically showing an 
embodiment (7) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 3 is a longitudinal sectional view schematically showing an 
embodiment (7) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 4 is a longitudinal sectional view schematically showing an 
embodiment (8) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 5 is a longitudinal sectional view schematically showing an 
embodiment (9) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 6 is a longitudinal sectional view schematically showing an 
embodiment (10) of the method or the mode of connecting oxide 



superconducting wires according to the present invention. 

Fig. 7 is a longitudinal sectional view schematically showing an 
embodiment (11) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 8 is a longitudinal sectional view schematically showing an 
embodiment (12) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 9 is a longitudinal sectional view schematically showing an 
embodiment (13) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 10 is a longitudinal sectional view schematically showing an 
embodiment (17) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 1 1 is a longitudinal sectional view schematically showing an 
embodiment (18) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 12 is a longitudinal sectional view schematically showing an 
embodiment (20) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 13 is a longitudinal sectional view schematically showing an 
embodiment (21) of the method or the mode of connecting oxide 
superconducting wires according to the present invention. 

Fig. 14 is a diagram conceptually showing an apparatus for 
performing a bending strain test of connectional wires in Examples 1 and 2. 

Fig. 15 illustrates the relation between the ratio Ic/IcO between a 
critical current Ic and an initial critical current IcO of each connectional 
wire after the bending strain test in Example 2 and the total number of 
pulleys passed by each connectional wire in the bending strain test. 

Fig. 16 illustrates current (I)-voltage (E) characteristics measured as 
to a connectional wire d in Example 2. 

Best Modes for Carrying Out the Invention 

The following various embodiments can be listed as the method or 



the mode of connecting oxide superconducting wires according to the 
present invention. The respective embodiments are now described with 
reference to drawings. 

Figs. 1, 4 and 6 to 12 are longitudinal sectional views schematically 
5 showing various embodiments of the method or the mode of connecting 

oxide superconducting wires according to the present invention. Figs. 2, 3, 
5 and 13 are plan views schematically showing various embodiments of the 
method or the mode of connecting oxide superconducting wires according to 
the present invention. 
10 (1) As shown in Fig. 1, end portions of tape-like or round bismuth 

y oxide superconducting wires 1 and 2 are superposed and bonded with each 

(39 other. A brazing fil ler metal 3 consistingof _a materiaL ^ch.asJmd^tin 

alloy solder containing silver is arran ged between the e nd portions of the 

EfS ~- _ " ~ ' ~ 

•~j o xide superconductin g wires 1 and 2. Thus, the two oxide superconducting 

© 15 wires 1 and 2 are connected with each other. According to this 
I embodiment, the length of a junction L is set to at least one time and not 

O more than 100 times the diameter or the width of the oxide 

tZ superconducting wires 1 and 2. Thus, the quantity of strain on an end of 

Uj the junction can be reduced to be close to the quantity of strain on non- 

20 superposed portions of the wires when the wires connected with each other 
are bent. 

(2) In the connection mode shown in Fig. 1, wide surfaces of the oxide 
superconducting wires 1 and 2 having rectangular cross sections are 
superposed to be bonded with each other. Thus, the quantity of strain on 

25 an end of the junction is reduced when the wires connected with each other 
are bent. 

(3) In the connection mode shown in Fig. 1, t he thickness t of the 
brazi ng filler metal 3 is set to be at least 0 . 01 times and not more than on e 
time th e diameter D j^thejfoickne wires 1 

30 an( L2^ Thus, the quantity of strain on an end of the junction can be 
reduced when the wires connected with each other are bent. 

(4) In the connection mode shown in Fig. 1, the ribbon-like brazing 
filler metal 3 is held between the end portions of the oxide superconducting 
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wires 1 and 2 having rectangular cross sections and heated thereby 
bonding the oxide superconducting wires 1 and 2 to each other. 

(5) End portions of round oxide superconducting wires 1 and 2 are 
twisted and superposed, and bonded with each other with interposition of a 
brazing filler metal 3 therebetween. 

(6) The oxide superconducting wires 1 and 2 are bonded to each other 
so that the pitch of the aforementioned twisting is at least one time and not 
more than 10 times the diameter of the wires 1 and 2. 

(7) As shown in Fig. 2 or 3, an end portion 11a or lib of an oxide 
superconducting wire 1 is so worked that the diameter D (in the case of a 
round wire) or the width W (in the case of a tape-like wire) is reduced 
toward the end in a plane shape. An end portion 2 la or 2 lb of another 
oxide superconducting wire 2 is also worked similarly to the above. Thus, 
the quantity of strain on an end of a junction can be reduced when the 
wires connected with each other are bent. 

In the connection mode shown in Fig. 2, the ends of the wires are so 
cut that the end portions 1 la and 21a have V shapes in the case of the tape- 
like wire. In the connection mode shown in Fig. 3, the ends of the wires 
are so cut that the end portions lib and 21b have end surfaces inclined in 
the width direction across the widths of the tape-like wires in the case of 
the tape-like wires. 

(8) As shown in Fig. 4, an end portion 12 of an oxide superconducting 
wire 1 and an end portion 22 of another oxide superconducting wire 2 are 
so worked that the thickness T of the wires is reduced toward the ends. 
Thus, the quantity of strain on an end of a junction can be reduced when 
the wires connected with each other are bent. 

(9) As shown in Fig. 5, notches are formed on an end portion 13 of an 
oxide superconducting wire 1 and an end portion 23 of another oxide 
superconducting wire 2. The diameter (in the case of round wires) or the 
width (in the case of tape-like wires) of the notches is increased toward the 
ends. Thus, the quantity of strain on an end of a junction is reduced when 
the wires connected with each other are bent. 

(10) As shown in Fig. 6, a brazing filler metal 3 is arranged partially 
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along superposed end portions of oxide superconducting wires 1 and 2 while 
defining spaces 31 and 32. When a junction is bent in the mode shown in 
Fig. 6, the end portion of one of the wires pushes back the surface of the 
other wire in each of the spaces 31 and 32 thereby relaxing concentration of 
strain. Thus, the quantity of strain on an end of the junction is reduced 
when the wires connected with each other are bent. 

(11) As shown in Fig. 7, a junction between ends of oxide 
superconducting wires 1 and 2 is partially coated with flexible materials 41. 

(12) As shown in Fig. 8, a junction between ends of oxide 
superconducting wires 1 and 2 is entirely coated with flexible materials 41. 

Thus, the quantity of strain on an end of the junction can be reduced 

when the wires connected with ea ch other are bent. 

T'S^sh^aj-iirTigrs, a junction between oxide supercon3iiCtmg-' 
ires lanrd"2 is partially or entirely coated with tape-like materials 41 
cop^istin g of p.olyimide,xopp,er, jsilver or the .like . 

(14) In the connection mode shown in Fig. 7 or 8, materials 41 of 
polyvinyl formal (PVF) resin or eppxy resin are employed. In this case, the 
aforementioned organic substance is partially or entirely applied to the 
junction and dried thereby partially or entirely coating the junction. 

(15) In the connection mode shown in Fig. 9, metal tapes are 
employed as the materials 42 and the metal tapes are entirely or partially 
brazed to the junction thereby forming coatings. 

(16) In the connection mode shown in Fig. 7 or 8, brazing fille r 
metals are employed as the materials 41 and partia ll y or ent irel y brazed to 
the junction thereby jbrming c oatings. In this ca se, it is preferable to 
employ solder consisting of a lead- tin allo y containing silver h aving a high 
melting point as the material for the brazing filler metal 3, and to employ 
indium-b ased solder having a low melting point as the materialgjt 1 
forming the coatings. Thus, the junction can be coated with the materials 
41 consisting of solder having a relatively low melting point after bonding 
the wires 1 and 2 with each other through the brazing filler metal 3. 

(17) As shown in Fig. 10, a junction between oxide superconducting 
wires 1 and 2 is inserted into a material 43 having an annular shape to be 



entirely coated, and subjected to shrinkage fitting thereby forming a 
coating. Alternatively, a material 43 consisting of an organic substance 
having an annular shape coating the junction in place of a metal may be 
employed and shrunk by heating thereby forming a coating. A heat- 
shrinkable tube may be employed as the material 43 having an annular 
shape. 

(18) As shown in Fig. 1 1, a junction may be partially inserted into 
materials 44 consisting of a metal or an organic substance having annular 
shapes to be partially coated, and subjected to shrinkage fitting or heat- 
shrinking to be formed with coatings. 

When the junction is partially or entirely coated as described above, 
the quantity of strain on an end of the junction can be reduced when the 
wires connected with each other are bent. 

(19) In each of the connection modes described in the above items 
(11) to (18), the junction may be first partially or entirely coated with a 
material consisting of a metal, so that a material consisting of an organic 
substance is thereafter arranged thereon for forming a coating. 

(20) As shown in Fig. 12, an end of a wire is coated with a material 
45 consisting of a metal or an organic substance in a junction between oxide 
superconducting wires 1 and 2. In this case, the thickness of the material 
45 forming a coating is set to be reduced as separated from the junction. 
Thus, the quantity of strain on an end of the junction can be reduced when 
the wires connected with each other are bent. 

(21) As shown in Fig. 13, the width of a material 46 consisting of a 
metal or an organic substance coating an end of a wire on a junction 
between oxide superconducting wires 1 and 2 is set to be narrowed as 
separated from the junction. Also in this case, the quantity of strain on an 
end of the junction can be reduced when the wires connected with each 
other are bent. 

(Example 1) 

Three connectional wires were prepared by connecting bismuth- 
based (Bi(Pb)-Sr-Ca-Cu-O-based) oxide superconducting wires with solder 
consisting of a lead-tin alloy containing silver. Each wire was prepared 
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from a tape-like wire obtained by coating 61 bismuth-based oxide 
superconductor filaments with a silver alloy sheath containing 0.3 percent 
by weight of manganese. The tape-like wire was 0.24 mm in thickness, 3.8 
mm in width and 300 mm in length. The length L (see Fig. 1) of a junction 
between such wires was 100 mm. A voltage defined as 1 |aV/cm was 
applied to each of the three connectional wires with an inter- terminal 
distance of 200 mm including the junction for measuring a critical current 
Ic, which was 55 A in each connectional wire. 

The three connectional wires were worked as follows: 

(a) Connectional Wire a 

Not worked but left in the connection mode shown in Fig. 1. 

(b) Connectional Wire h 

Coatings 41 were formed by applying polyvinyl formal (PVF) resin to 
entirely coat the junction of the connectional wire and drying the same as 
shown in Fig. 7. 

(c) Connectional Wire c 

Poiyimide tapes 42 were bonded to coat the junction as shown in Fig. 

9. 

A test of applying bending strain to each of the aforementioned 
connectional wires a, h and c was executed. The bending strain test was 
performed by alternately bringing a surface and an opposite surface of the 
connectional wire into contact with outer peripheral areas of guide rollers 
(pulleys) of 180 mm in outer diameter over a central angle of about 180° 
and moving the same by five turns respectively in a state longitudinally 
applying tension 5N to the connectional wire, as shown in Fig. 14. Thus, 
the bending strain test was performed on the assumption of conditions close 
to those of an actual winding step passed through a number of pulleys, in 
order to verify mechanical strength of the connected portion. After the 
bending strain test, the critical current Ic was measured as to each of the 
connectional wires a, h and c. Consequently, the connectional wire a 
exhibited a value 30 A lower than an initial critical current 55 A while the 
connectional wire h and the connectional wire c exhibited high critical 
currents 48 A and 50 A respectively, and such results were obtained that 
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the critical currents can be maintained at high ratios with respect to initial 
critical currents. 

(Example 2) 

Four connectional wires were prepared by connecting bismuth-based 
5 (Bi(Pb)-Sr-Ca-Cu-O-based) oxide superconducting wires with solder 

consisting of a lead-tin alloy containing silver. Each wire was prepared 
from a tape-like wire obtained by coating 61 bismuth-based oxide 
superconductor filaments with a silver alloy sheath containing 0.3 percent 
by weight of manganese. Wide surfaces of such tape-like wires were 
10 superposed to be bonded with each other. The tape-like wire was 0.24 mm 
'2 in thickness, 3.8 mm in width and 300 mm in length. The length L (see 

m Fig. 1) of a junction between such wires was 50 mm. Voltage application 

^ terminals were mounted about the junction at an inter- terminal distance of 

100 mm for applying a voltage defined as 1 piV/cm to each of the four 
O 15 connectional wires from these voltage application terminals and measuring 
* ; a critical current IcO (initial critical current), which was 60 A in each 

O connectional wire. 

,2 These four connectional wires were worked as follows: 

ijj (d) Connectional Wire & 

J=f 20 Ends of two tape-like wires were cut (V-cut) into V shapes as shown 

in Fig. 2 and wide surfaces of the tape-like wires were superposed and 
bonded with each other, while lengths La and Lb were set to 40 mm and 5 
mm respectively. 

(e) Connectional Wire q 
25 Ends of two tape-like wires were cut (N-cut) so that the ends had end 

surfaces inclined along the width direction across the widths of the tape- 
like wires as shown in Fig. 3 and wide surfaces of the tape-like wires were 
superposed and bonded with each other, while lengths La and Lb were set 
to 40 mm and 5 mm respectively. 
30 (f) Connectional Wire f 

Wide surfaces of two tape-like wires were superposed and bonded 
with each other without cutting ends of the tape-like wires as shown in Fig. 
10, thereafter the junction (length L: 50 mm) was inserted into a heat- 
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shrinkable tube having a length Lc of 60 mm and a thickness of 0.15 mm 
before shrinkage to be entirely coated, and the tube was shrunk by heating 
at about 100°C for forming a coating. Electron-bridged soft flame-retarded 
polyolefin resin was employed as the material for the heat-shrinkable tube, 
(g) Connectional Wire g 

Not worked but left in the connection mode shown in Fig. 1. 

A test of applying bending strain to each of the aforementioned 
connectional wires d, £, f and g was executed. The bending strain test was 
performed by alternately bringing a surface and an opposite surface of the 
connectional wire into contact with outer peripheral areas of guide rollers 
(pulleys) of 200 mm in outer diameter over a central angle of about 180° 
and moving the connectional wire to pass through the guide rollers in a 
state longitudinally applying tension 5N to the connectional wire, as shown 
in Fig. 14. Thus, the bending strain test was performed on the assumption 
of conditions close to those of an actual winding step passed through a 
number of pulleys, in order to verify mechanical strength of the connected 
portion. After the bending strain test, the critical current Ic was measured 
as to each of the connectional wires d, £, f and g. 

Fig. 15 shows the relation between the ratio Ic/IcO of the critical 
current Ic to the initial critical current IcO of each connectional wire after 
the bending strain test and the total number of the pulleys passed by each 
connectional wire in the bending strain test. It is understood from Fig. 15 
that the ratios of reduction of the critical currents Ic after the bending 
strain test were smaller in the connectional wires d, £ and f having worked 
junctions as compared with the connectional wire g having a non- worked 
junction. 

Fig. 16 shows current (I)-voltage (E) characteristics measured as to 
the connectional wire d. Referring to Fig. 16, a curve "not bent" shows 
data of the connectional wire d not subjected to bending strain, and curves 
"500 g, (1)200 x 10 times", "500 g, <j>200 x 20 times" and "500 g, (|>200 x 30 
times" show data of the connectional wire d passed through the guide 
rollers of 200 mm in outer diameter 10 times, 20 times and 30 times 
respectively with application of a load of 500 g to be subjected to tensile 



- 15 - 



bending strain. Referring to Fig. 16, inclination of the current-voltage 
characteristic curves with reference to a current I of 0 to 40 A shows 
connection resistance of the wire. It is understood from Fig. 16 that the 
inclination remains substantially unchanged in each curve and hence 
constant connection resistance was maintained also after application of the 
tensile bending strain and the connection resistance as well as the critical 
current Ic were hardly deteriorated. It is also understood that the 
connection resistance was about 20 nQ. 

Embodiments and Examples disclosed above are illustratively shown 
in all points, and to be considered as not restrictive. The scope of the 
present invention is shown not by the aforementioned embodiments and 
Examples but by the scope of claim for patent, and to be interpreted as 
including all exemplary corrections and modifications within the meaning 
and range equivalent to the scope of claim for patent. 

Industrial Applicability 

The oxide superconducting wire or the superconducting coil 
according to the present invention is suitably employed for superconducting 
apparatuses such as a superconducting transformer, a superconducting 
current limiter and a magnetic field generator employing superconducting 
magnets. Further, the oxide superconducting wire according to the 
present invention is suitably employed for superconducting apparatuses 
such as a superconducting cable and a superconducting bus bar. In 
addition, the method of manufacturing an oxide superconducting wire 
according to the present invention is applicable for manufacturing these 
superconducting apparatuses. 
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